Therapeutic Applications of CRISPR/Cas for Duchenne Muscular Dystrophy.
Duchenne muscular dystrophy (DMD) is an X-linked neuromuscular disease caused by the lack of dystrophin due to mutations in the DMD gene. Since dystrophin is essential in maintaining the integrity of the sarcolemmal membrane, the absence of the protein leads to muscle damage and DMD disease manifestation. Currently, there is no cure with only symptomatic management available. The most recent advancements in DMD therapies do not provide a permanent treatment for DMD. CRISPR/Cas technology poses as an attractive platform for DMD gene therapy both dependent and independent of the specific mutation. CRISPR/Cas technology can be utilized independent of the patient mutation by modulating disease modifiers. Regarding DMD duplication mutations, full length dystrophin can be restored using a single sgRNA approach. For DMD deletion and point mutations, the open reading frame (ORF) can be restored by removing or reframing exon(s) to produce a shorter form of dystrophin. The full-length wildtype dystrophin can also be restored using homologous recombination (HR). The CRISPR/Cas components for these strategies were delivered in vivo using the adeno-associated virus (AAV) vector. The upregulation of a dystrophin homologue called utrophin can compensate for the lack of dystrophin protein, and has been successfully demonstrated in patient cells. Full-length dystrophin was restored in patient cells carrying duplication mutations. The shorter form and full-length dystrophin was recovered using CRISPR strategies in vitro and in vivo. Restoration of the wild type and shorter form of dystrophin highlights the therapeutic potential of CRISPR technology for DMD.